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54 [Title of Invention] 

Self-lubricating aluminum composite material and its 
production 

57 [Summary] 

[Subject] To provide self-lubricating aluminum composite material 
having outstanding characteristics of high strength, wear resistance, 
and self-lubricating properties as well as its production. 
[Means of Resolution] A mixture of aluminum or aluminum alloy powder 
and boric acid is subjected to mechanical alloying treatment in the 
presence of auxiliary agents of carbon compounds, followed by 
pressurization under heating, such as powder compression molding 
followed by processing such as hot extrusion, casting, compression 
rolling, or continuous friction welding. If the aluminum or aluminum 
alloy powder with adhering grinding oil is ground to a size not more 
than 5 mm, it can be subjected to mechanical alloying treatment as 
is without the addition of other auxiliary agents. As a result, 
composite material would be obtained having aluminum oxide particles, 
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aluminum carbide particles, and boride particles dispersed throughout 
the matrix, with the mean grain size of the matrix being not more 
than 5 \m, the mean grain sizes of the dispersed aluminum oxide and 
the aluminum carbide together being not more than 100 nm, and the 
mean grain size of boride being not more than 1 ^m. 
[Scope of Patent Claim] 

[Claim 1] Self-lubricating aluminum composite material wherein 
aluminum oxide particles, aluminum carbide particles and boride 
particles are dispersed in an aluminum or aluminum alloy matrix, 
the mean grain size of the matrix being no more than 5 pin, the mean 
grain sizes of the dispersed aluminum oxide particles and aluminum 
carbide particles together being not more than 100 nm, and the mean 
grain size of the boride particles being no more than 1 nm. 
[Claim 2] The composite material of Claim 1 wherein the volumetric 
fraction of the dispersed aluminum oxide particles and the volumetric 
fraction of the aluminum carbide particles together is under 5%, 
and the volumetric fraction of the boride particles is under 30%. 
[Claim 3] The composite material of Claims 1 or 2 wherein the mean 
distance among particles of dispersed aluminum oxide, aluminum carbide 
and boride is 0.02 to 1.5 |im. 

[Claim 4] The composite material of any of Claims 1 to 3 wherein 
the total volumetric fraction of dispersed aluminum oxide particles 
and aluminum carbide particles is greater than 0.5% and under 8%. 
[Claim 5] The composite material of any of Claims 1 to 4 wherein 
the boride particles comprise at least one of compounds of boron 
and aluminum, compounds of boron and oxygen, or compounds of boron, 
aluminum, and oxygen. 

[Claim 6] The production of aluminum composite material wherein a 
mixture of aluminum or aluminum alloy powder and boric acid is subjected 
to mechanical alloying treatment in the presence of auxiliary agents 
of carbon compounds, followed by pressurization under heating. 
[Claim 7] The production method of Claim 6 wherein aforementioned 
auxiliary agent is organic solvent or grinding oil. 
[Claim 8] The production method of Claims 6 or 7 wherein composite 
powder obtained through mechanical alloying treatment is subjected 
to powder compression molding in the atmosphere, in a vacuum or in 
a non-oxidizing atmosphere, followed by hot extrusion, casting, 
compression rolling, or continuous friction welding. 
[Claim 9] The production method of Claims 6 to 8 wherein aforementioned 
aluminum or aluminum alloy powder is grinding powder whose size is 
no more than 5 mm, and aforementioned auxiliary agent is grinding 
oil adhering to said grinding powder. 

[Claim 10] The production method of Claims 6 to 9 wherein aluminum 
or aluminum alloy material having a uniform grain size distribution 
and mean grain size of no more than 1 mm is used as aforementioned 
aluminum or aluminum alloy powder. 

[Claim 11] The production method of Claims 6 to 10 wherein aluminum 
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or aluminum alloy powder under 5 mm in size that had been subjected 
to mechanical alloying treatment in advance and then suitably sorted 
so as to have a uniform grain size distribution is used as aforementioned 
aluminum or aluminum alloy material. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Utilization] The present invention concerns 
self-lubricating aluminum composite material, specifically, aluminum 
composite material having outstanding characteristics of high strength, 
wear resistance, and self-lubricating properties that make it ideal 
for use in engines, screws, rivets, and other mechanical components 
of vehicles as well as its production. The present invention also 
concerns aluminum composite material that is useful as recycling 
material that can utilize boric acid, which had not been viewed as 
a raw material for structural composite material, as well as fine 
aluminum- or aluminum alloy grinding powder, which is unsuited for 
remelting, as the raw materials through the utilization of mechanical 
alloying treatment as well as its production. 
[0002] 

[Related Art] The uniform dispersion of reinforcing particles in 
matrix is important for enhancing the characteristics of 
particle-dispersed type composite material. Casting had commonly 
been used in the production of particle-dispersed type composite 
material in the past, but the difficulty of uniformly dispersing 
the particles because the specific gravity of boride particles differs 
greatly from that of molten aluminum has been a defect. 
[0003] The production of alloys using mechanical alloying technology 
has been examined in recent years. In one case, a composite powder 
having a strong bond between the matrix particles and the reinforcing 
particles is produced through mechanical alloying in advance. The 
production of composite material in accordance with conventional 
powder metallurgy using this composite powder as secondary material 
has been examined (for example, Japanese Kokai Publication 
Sho-60-131943, Japanese Kokai Publication Sho-60-9837) . However, 
the boron compound commonly used in the production of wear resistant 
composite material is boron nitride (BN) , which has poor chemical 
reactivity. Only the physical mixture-dispersion features of 
mechanical alloying have been used while ignoring the utilization 
of chemical solid-phase reactions. 
[0004] 

[Problems Solved by the Invention] In light of aforementioned 
circumstances, the purpose of the present invention is to provide 
self-lubricating aluminum composite material in which the coefficient 
of friction is decreased and weight loss of the material itself due 
to wear is reduced, and that also has outstanding characteristics 
of high strength, wear resistance, and self -lubricating properties 
while wear of partner material, which lacks wear resistance, is 
inhibited through the effects of self-lubricating dispersed particles, 
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as well as its production. A further purpose of the present invention 
is to provide a very inexpensive method of producing aluminum composite 
material having aforementioned outstanding characteristics by 
employing mechanical alloying treatment, and by utilizing aluminum- 
or aluminum alloy grinding powder generated copiously in the course 
of producing aluminum building material , which can be recycled, as 
well as boric acid, which had not been viewed as a raw material for 
structural composite material. 
[0005] 

[Means of Solving the Problems] In order to attain aforementioned 
objective, one aspect of the present invention is to provide 
self-lubricating aluminum composite material wherein aluminum oxide 
particles, aluminum carbide particles and boride particles are 
dispersed in an aluminum or aluminum alloy matrix, the mean grain 
size of the matrix being not more than 5 ^im, the mean grain sizes 
of the dispersed aluminum oxide particles and aluminum carbide 
particles together being not more than 100 nm, and the mean grain 
size of the boride particles being not more than 1 pm. In an ideal 
mode, the volumetric fractions of dispersed aluminum oxide particles 
and aluminum carbide particles would be under 5% each. Furthermore, 
the volumetric fraction of boride particles should be under 30% and 
the total volumetric fraction of both dispersed aluminum oxide 
particles and aluminum carbide particles should be greater than 0.5% 
and less than 8%. 

[0006] In addition, the present invention provides a method of producing 
aforementioned self -lubricating aluminum composite material. In 
the production method, a mixture of aluminum or aluminum alloy powder 
and boric acid is subjected to mechanical alloying treatment in the 
presence of auxiliary agents of carbon compounds, followed by 
pressurization under heating, such as powder compression molding 
followed by processing such as hot extrusion, casting, compression 
rolling, or continuous friction welding. Organic solvent or grinding 
oil can be used as aforementioned auxiliary agents of carbon compounds . 

In particular, mechanical alloying treatment can be conducted as 
is without adding other auxiliary agents when aforementioned aluminum 
or aluminum alloy powder is grinding powder whose size is no more 
than 5 mm with grinding oil adhering. 
[0007] 

[Mode of Implementing the Invention] In the production method of 
the aluminum composite material pursuant to the present invention, 
auxiliary agent is premixed as required in a mixed powder of aluminum 
or aluminum alloy powder and boric acid followed by mechanical alloying 
treatment of said powder under prescribed conditions. Then, the 
resulting mixed powder is packed in a powder compression mold and 
subjected to conventional known processing such as hot extrusion, 
casting, or compression rolling following degasif ication or as is 
to complete the target aluminum composite material. Specifically, 
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in contrast to boron nitride, boron carbide, boron oxide or aluminum 
borate that are generally used as borides, a chemical change is created 
with the matrix through mechanical alloying treatment of boric acid 
with matrix powder in the production of aluminum composite material 
in the present invention which results in boride particles that are 
more uniformly dispersed and that have a strong bond with the matrix. 

[0008] As stated above, in the method of the present invention, since 
matrix powder of aluminum or aluminum alloy along with boric acid 
are subjected to mechanical alloying treatment in the presence of 
auxiliary agents of carbon compounds, aforementioned matrix powder 
is mechanically ground, and the aluminum particles that are finer 
than originally are oxidized by oxygen in the atmosphere to create 
aluminum oxide (A1 2 0 3 ) particles. In addition, they react with carbon 
of . aforementioned carbon compounds to create aluminum carbide (AI4C3) 
particles. The boric acid undergoes an in-situ chemical reaction 

(in-situ reaction) with the matrix to create boride particles 

(compounds of boron and aluminum such as Al 8 B 2 0i5, B 2 0, etc. , compounds 
of boron and oxygen, and compounds of boron, aluminum, and oxygen) , 
and boride particles are uniformly dispersed with other particles 
throughout the matrix with strong bond strength. 

[0009] 

Accordingly, aluminum composite material having outstanding 
characteristics of high strength, wear resistance, and 
self-lubricating properties can be obtained by subjecting 
aforementioned composite powder for example, to powder compression 
molding followed by processing such as hot extrusion, casting, 
compression rolling, or continuous friction welding (extrusion) . 
In addition, self-lubricating wear-resistant composite material can 
be obtained in which wear of the composite material itself as well 
as of partner material is inhibited by the lubricating effects of 
the composite boride particles. The auxiliary agents of carbon 
compounds function as a carbon source for the creation of aluminum 
carbide particles as mentioned above, and they also act as plating 
inhibitors to ensure good mechanical grinding during mechanical 
alloying treatment. 

[0010] As mentioned above, the self-lubricating aluminum composite 
material pursuant to the present invention comprises a matrix of 
aluminum or aluminum alloy powder, dispersed reinforcing particles 
comprising aluminum oxide (AI2O3) particles and aluminum carbide (AI4C3) 
particles created inmechanical alloying treatment as well as dispersed 
reinforcing particles of aforementioned boride particles that are 
created from boric acid that is mixed in matrix powder preceding 
mechanical alloying treatment. The mean grain size of the matrix 
particles in the compositematerialmust be not more than 5 jam, preferably 
not more than 1 jxm. 

[0011] The aluminum oxide (A1 2 0 3 ) particles and aluminum carbide (Al 4 C 3 ) 
particles created in the course of mechanical alloying treatment 
are uniformly dispersed in the matrix and function as reinforcing 
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agents. The volumetric fractions (ratio to the volume of the entire 
material) of the aluminum oxide particles created and of the aluminum 
carbide particles are under 5% each, and the mean grain sizes should 
be not more than 100 nm, preferably not more than 50 nm. If the 
volumetric fraction of aluminum oxide particles and the volumetric 
fraction of aluminum carbide particles exceed 5%, the ductility of 
the resulting composite material would fall because of excessively 
fine dispersion and the anticipated characteristics could not be 
attained. Furthermore, finer mean grain sizes are preferred, and 
elevation of. the strength is eliminated when it exceeds 100 nm. 
In addition, the total volumetric fraction of both aluminum oxide 
particles and aluminum carbide particles should be in a range of 
greater than 0.5% and less than 8%. If it falls below 0.5%, the 
strength of the resulting composite material would be inadequate, 
while there is a fear of the ductility falling if it exceeds 8%. 
On the other hand, the volumetric fraction of the boride particles 
in the composite material should be under 30%. If it exceeds 30%, 
embrittlement of the composite material is invited and the anticipated 
mechanical strength as well as the elasticity characteristics would 
not be obtained. 

[0012] As mentioned above, the uniform dispersion of reinforcing 
particles in the matrix of particle-dispersed type composite material 
is important for strength elevation. Aluminum oxide particles, 
aluminum carbide particles and boride particles having aforementioned 
mean grain size are uniformly dispersed at aforementioned volumetric 
fractions in aluminum or aluminum alloy matrix particles in the aluminum 
composite material pursuant to the present invention, and the mean 
distance among these particles should be in the range of 0.02 to 
1 . 5 |im. A range of0.02to0.2|imis especially desirable . The ductility 
of the resulting composite material would fall, inviting embrittlement, 
if the mean distance among these particles falls under 0.02 ^im, while 
elevation of the mechanical strength would become inadequate, with 
the toughness falling markedly in extreme cases, if it exceeds 1.5 
jam. 

[0013] The mean grain size of the matrix particles and the reinforcing 
particles in aforementioned composite material, the volumetric 
fraction of the reinforcing particles and the mean distance among 
particles can be appropriately controlled by the treatment conditions 
in mechanical alloying, especially the treatment time. The method 
of producing aluminum composite material pursuant to the present 
invention is explained below. First, auxiliary agent is premixed 
as required in a mixed powder of aluminum or aluminum alloy powder 
and boric acid followed by mechanical alloying treatment of said 
powder under prescribed conditions to yield composite powder. Next, 
the resulting mixed powder is packed in a powder compression mold 
and subjected to conventional known processing such as hot extrusion, 
casting, or compression rolling following degasif ication or as is 
to complete the target aluminum composite material . Other than during 
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batch processing, it can be continuously produced by continuous 
friction welding (extrusion) . In aforementioned course of production, 
the degasif ication or powder compression steps are controlled in 
the atmosphere, a vacuum or nonoxidizing atmosphere, but the atmosphere 
need not be controlled in mechanical alloying treatment. The grain 
size of the resulting aluminum oxide particles, aluminum carbide 
particles, and boride particles as well as their volumetric fractions 
can be controlled by selecting the treatment duration and alloying 
conditions . 

[0014] Aluminum, aluminum alloy or quenched solid aluminum alloy 
or a mixture of these would be used as the matrix material. These 
materials could be atomized powder set in advance to a desired grain 
size using various types of atomizers or grinding powder below 5 
mm size that is unsuited for remelting that had been generated copiously 
in the course of producing aluminum building material. Boride 
particles are not uniformly dispersed in matrix since progress of 
mechanical alloying treatment is prevented due to the high lubrication 
properties of boride when the mean grain size of the initial matrix 
powder is excessively large or the grain size distribution is not 
uniform, but even if they are uniformly dispersed, the duration of 
mechanical alloying treatment would have to be an extremely prolonged 
period of time. Consequently, aluminum or aluminum alloy powder 
having a uniform grain size distribution with mean grain size not 
more than 1 mm that is obtained by mechanical alloying treatment 
in advance of powder of not more than 5 mm in size would have to 
be used as the aluminum or aluminum alloy powder comprising the matrix . 
[0015] Ethanol, heptane or various other types of organic solvents 
could be used as the auxiliary agent in mechanical alloying treatment. 

In particular, grinding powder with water-soluble grinding oil 
adhering could be used in the present invention. Such grinding powder 
with grinding oil adhering is used as an auxiliary agent, and the 
addition of auxiliary agent is unnecessary since suitable amounts 
of such powder act as an inhibitor of plating in mechanical alloying 
treatment. It is extremely useful in production and allows the 
inexpensive production of composite material. The method of the 
present invention is useful from the perspective of recycling resources 
since it permits the utilization of grinding powder which is unsuitable 
for remelting. The amount of auxiliary agent used when adding it 
to mixed powder for processing can be appropriately set as a function 
of the desired volumetric fraction in composite material of aluminum 
carbide particles that are created by mechanical alloying treatment. 

The amount of auxiliary agent used in response to the desired volumetric 
fraction can be approximated through calculations based on the amount 
of carbon in the auxiliary agent. It can also be determined through 
preliminary examination. 
[0016] 

[Working Examples] The present invention is explained concretely 
below through working examples. However, the present invention is 
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not restricted to these working examples. 
[0017] Working Examples 1 to 3 

Aluminum grinding chips and boric acid were weighed out so as to 
total 1 kg, followed by mechanical alloying treatment in the atmosphere 
at 90 rpm x 48 hours using a rotary ball mill with SUS 304 steel 
balls and a milling pot to complete production of composite powder. 
Next, the composite powder that had been produced was recovered, 
subjected to powder compression molding at 500°C using a hot extruder, 
and then subjected to hot extrusion at an extrusion ratio of 10:1 
and extrusion temperature of 500°C to yield various types of composite 
material. 
[Table 1] 



Sample No. 


Matrix 


Reinforcing 
Agent 


Volumetric 
Fraction of 
Reinforcing 
Agent 


Working 
Example 


1 


60603 


Boric Acid 


5% 




2 


60603 


Boric Acid 


10% 




3 


60603 


Boric Acid 


15% 


Comparative 
Example 


1 


Al-Fe-Cu 


Si 


12% 




2 


Al-Fe-Ni 


Si 


20% 




3 


60603 







[0018] Comparative Examples 1 and 2 

Commercial aluminum-silicon-based wear-resistant powder alloy was 
subjected to powder compression molding at 400°C using a hot extruder 
without mechanical alloying treatment, followed by hot extrusion 
at an extrusion ratio of 10:1 and extrusion temperature of 400°C 
to produce a comparative sample. 
[0019] Comparative Example 3 

A comparative sample was produced identically with the procedure 
in Working Examples 1 to 3 except for omitting boric acid addition. 
[0020] Table 2 presents the results of measuring the tensile strength, 
Young=s modulus, ductility and hardness at room temperature of the 
various materials produced in aforementioned Working Examples 1 to 
3 and Comparative Examples 1 to 3. 



[Table 2] 



Sample No. 


Tensile 

strength 

(MPa) 


Young=s 
modulus 
(GPa) 


Ductility 
(%) 


Vicker=s 
hardness 
(HV) 


Working 
Example 


1 


427 


71 


11 


132 




2 


450 


73 


2 


150 




3 


515 


75 


1 


162 


Comparative 
Example 


1 


549 


102 


3 


152 




2 


591 


107 


2 


185 




3 


346 


69 


17 


104 



Table 2 clearly shows that the aluminum composite material produced 
through the method of the present invention has adequate mechanical 
properties . 

[0021] In addition, abrasion/wear trials were conducted on the 
individual materials produced in aforementioned Working Examples 
1 to 3 and Comparative Examples 1 to 3. In the trials, each trial 
material was worked into rod shape of 7.98 mm diameter and 20 mm 
length, welded to a partner disk (S45C) of approximately 50 mm diameter , 
5 mm thickness and subjected to pin-on-disk testing under a 3.0 kgf 
load, velocity of 1.25 m/sec. Figure 1 shows the wear characteristics 
for common carbon steel (S45C) . As clarified in Figure 1, wear of 
aluminum 6063 alloy/borate composite material pursuant to the present 
invention is slight, especially of the partner material, while wear 
of the partner material was especially pronounced because of the 
virtual absence of self-lubricating properties in material of 
Comparative Example 3 that underwent mechanical alloying treatment 
without the addition of boric acid. 
[0022] 

[Effects of Invention] As explained above, the aluminum composite 
material obtained through the method of the present invention has 
fine aluminum oxide particles, aluminum carbide particles, and boride 
particles that provide a high lubrication effect uniformly dispersed 
throughout the matrix of aluminum or aluminum alloy with strong bond 
strength . This provides outstanding characteristics of high strength, 
wear resistance, and self -lubricating properties . Furthermore, the 
coefficient of friction is lowered and the weight decrease of partner 
material itself due to wear is reduced. The invention has the effect 
of inhibiting wear even of partner material made of non-wear resistant 
material through the effects of the self-lubricating dispersed 
particles. Finally, it can be provided inexpensively . Since suitable 
amounts of grinding oil adhering to grinding powder act as an inhibitor 
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of plating in mechanical alloying treatment when using grinding powder 
generated in the course of producing aluminum building material as 
the matrix material, said grinding powder can be used as is in mechanical 
alloying treatment. As a result, aluminum composite material can 
be produced at low cost . Furthermore, the composite material pursuant 
to the present invention can be used as a substitute for aluminum 
or aluminum alloy that are currently used in aluminum building material 
and also as a substitute for stainless steel parts such as fasteners 
and machine screws in aluminum sashes, for example. By using aluminum 
exclusively in such structures, they can simply be reprocessed without 
dismantling when they become obsolete. Furthermore, the grinding 
powder that is generated can be reused as aluminum alloy matrix pursuant 
to the present invention. Accordingly, the present invention is 
advantageous in effectively permitting recycling of aluminum building 
material . 

[Brief Description of Drawings] 

[Figure 1] This is a graph showing the comparative amount of wear 
(3.0 kg load) of a pin and disk in abrasion/wear trials using material 
created in each working example and comparative example. 

[Figure 1] 
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Basic Abstract Text - ABTX (1) : 

The material consists of a mixture of aluminium alloy and boric 

acid mixed 

by applying a mechanical alloy process in the presence of a support 
agent 

containing carbon content compound. A pressurised heat processing 

extrusion, forging, rolling or continuous friction welding is 
performed after 

compacting. When the aluminium or aluminium alloy powder is cut to 
5mm or less 

and if the cutting oil has adhered, another supporting agent is not 
added while 

carrying out the mechanical alloying process. The aluminium oxide 
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particle, 

aluminium carbide particle and a boride particle disperses in an 
aluminium or 

aluminium alloy matrix. The grain size of aluminium oxide and 
aluminium 

carbide particles are set to lOOnm or less. The grain size of the 
boride 

particles is set to lmicrometer or less. The grain size of the 

matrix is set 

to 5micrometer or less. 

Basic Abstract Text - ABTX (2) : 

USE - For manufacturing screws, rivets and various machine 
components. 

Title - TIX (1) : 

Self lubricating aluminium group composite material for engine 
components 

in vehicle - has aluminium oxide and aluminium carbide particles with 
specific 

grain size along with boride particles of predefined grain size 
dispersed in 

aluminium of aluminium alloy matrix 

Standard Title Terms - TTX (1): 

SELF LUBRICATE ALUMINIUM GROUP COMPOSITE MATERIAL ENGINE 
COMPONENT VEHICLE 

ALUMINIUM OXIDE ALUMINIUM CARB I DE PARTICLE SPECIFIC GRAIN SIZE BORIDE 
PARTICLE 

PREDEFINED GRAIN SIZE DISPERSE ALUMINIUM ALUMINIUM ALLOY MATRIX 
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